cu New, Continuation, Divisional or 
2 Continuation-in-Part Application 
^ Under 37 C.F.R. §1 .53(b) 



O 



Attorney Docket No. 9319S0073COA 
Express Mail Label No. 

Date 



EL 581 365 926 US 



June 29, 2000 o 
. ^ 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Hon. Commissioner of Patents and Trademarks 
Washington, D. C. 20231 



Sir: 

Transmitted herewith for filing under 37 C.F.R §1 .53(b) is a patent application for DISPLAY DEVICE 
AND ELECTRONIC APPARATUS EMPLOYING THE SAME 

identified by: [ ] First named inventor Chivoaki IIJIMA . 

or [X] Attorney Docket No. (see above) 



1 . Type of Application 

[ ] This application is a new (non-continuing) application. 

' [X] This application is a [X] continuation / [ ] divisional / [ ] continuation-in-part of prior 
application No. 09/157,255. Amend the specification by inserting before the first line the 
sentence: 

-This is a continuation of United States patent application No. 09/157,255, 
filed September 18, 1998.-- 

[X] The entire disclosure of the prior application, from which a copy of the oath or 
declaration is supplied, is considered part of the disclosure of the accompanying 
application and is hereby incorporated by reference therein. 

if for some reason applicant has not requested a sufficient extension of time in the parent 
application, and/or has not paid a sufficient fee for any necessary response in the parent 
application and/or for the extension of time necessary to prevent the abandonment of the parent 
application prior to the filing of this application, please consider this as a Request for an Extension 
" for the required time period and/or authorization to charge our Deposit Account No. 08-0750 for 
any fee that may be due. THIS FORM IS BEING FILED IN TRIPLICATE: one copy for this 
application; one copy for use in connection with the Deposit Account (if applicable); and one copy 
for the above-mentioned parent application (if any extension of time is necessary). 



2. Contents of Application 



a. [X] Specification of 30 pages; 

[ ] A microfiche computer program (Appendix); 

[ ] A nucleotide and/or amino acid sequence submission; 

[ ] Because the enclosed application is in a non-English language, a verified English 
translation [ ] is enclosed [ ] will be filed. 

[X] Cancel original claims 2-21 of the prior application before calculating the filing fee. (At 
least one original independent claim must be retained for filing date purposes.) 



b. [X] Drawings on 13 sheets; 
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c. [X] A signed Oath/Declaration [X] is enclosed / [ ] will be filed in accordance with 37 
C.F.R. §1. 53(f). 

The enclosed Oath/Declaration is [ ] newly executed / [X] a copy from a prior application 
under 37 C.F.R. §1. 63(d) / [ ] acconnpanied by a statement requesting the deletion of 
person(s) not inventors in the continuing application. 



d. Fees 



FILING FEE Number 


Number 




Basic Fee 


CALCULATION Filed 


Extra 


Rate 


$690.00 


Total Claims 11 - 20 = 


0 X 


$18.00 = 


0.00 


Independent Claims 3 - 3 = 


0 X 


$78.00 = 


0.00 






$260.00 = 










690.00 


FILING FEE - SMALL ENTITY: Reduction by 1/2 . 








r 1 Verified Statement under 37 C.F.R. §1.27 is enclosed. 






[ ] Verified Statement filed in prior application. 
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[X] A check is enclosed to cover the calculated fees. The Commissioner is hereby authorized 
to charge any additional fees that may be required, or credit any overpayment, to Deposit 
Account No. 08-0750. A duplicate copy of this document is enclosed. 



[ ] The calculated fees will be paid within the time allotted for completion of the filing 
requirements. 

[ ] The calculated fees are to be charged to Deposit Account No. 08-0750. The Commissioner 
is hereby authorized to charge any additional fees that may be required, or credit any 
overpayment, to said Deposit Account. A duplicate copy of this document is enclosed. 

3. Priority Information 

[X] Foreign Priority: Priority based on Japanese Application Nos. 9-253972, filed September 
18, 1997, 10-16242, files January 28, 1998 and 10-206784, filed July 22, 1998 is claimed. 

[X] copy of the above referenced priority documents [X] were filed in the parent case/ [ ] 
is enclosed / [ ] will be filed in due course, pursuant to 35 U.S.C. §119(a)-(d). 

[ ] Provisional Application Priority: Priority based on United States Provisional Application 
No. , filed , is claimed under 35 U.S.C. §11 9(e). 
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4. Other Submissions 

[X] A Preliminary Amendment is enclosed. 

[X] An Information Disclosure Statement, 1 sheet of PTO Form 1449, 1 sheet of PTO Form 892 
and 0 patents are enclosed. 

[X] A power of attorney 

[ ] is submitted [ ] with the new Oath/Declaration. 

[X] is of record in the prior application and [ ] is in the original papers / [X] a copy is 



[X] An Assignment of the invention 

[ ] is enclosed with a cover sheet pursuant to 37 C.F.R. §§3.1 1 , 3.28 and 3.31 . 

[X] is of record in a prior application. The assignment is to Seiko Epson Corporation, and 
is recorded at Reel 9601, Frame 0789. 

[ ] An Establishment of Assignee's Right To Prosecute Application Under 37 C.F.R. §3. 73(b), 
and Power Of Attorney is enclosed. 

[X] An Express Mailing Certificate is enclosed. 



Attention is directed to the fact that the correspondence address for this application is: 



enclosed. 



Other: 



Harness, Dickey & Pierce, P.L.C. 
P.O. Box 828 

Bloomfield Hills, Michigan 48303 
(248) 641-1600. 
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(248) 641-0270 



Hon. Commissioner of Patents 

and Trademarks 
Washington, D.C. 20231 



Sir: 



EXPRESS MAILING CERTIFICATE 



Applicant: Chiyoaki IIJIMA 

Serial No. (if any): Unknown 

Filed: Unknown 
For: 
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Docket: 93 1 9S0073COA 
Attorney: GGS/BEW 

"Express Mail" Mailing Label Number EL 581 365 926 US 

Date of Deposit - June 29, 2000 

1 hereby certify and verify that the accompanying acknowledgement postcard, check for $690.00, Transmittal Letter for 
filing continuation under 37 C.F.R. Section 1.53(b) (in triplicate), copy of 30-page patent application (from parent file), 
13 sheets of drawings showing Figures 1-15 (parent file), copy of executed Declaration and Power of Attorney (parent 
file), Information Disclosure Statement, copy of Form PTO-1449 (parent file), Form PTO-892 (parent file). Preliminary 
Amendment and this certificate are being deposited with the United States Postal Service "Express Mail Post Office To 
Addressee" service under 37 C.F.R. 1.10 on the date indicated above and is (are) addressed to the Commissioner of 
Patents and Trademarks, Washington, D.C. 20231. 
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Attorney Docket No. 9319S0073COA 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Chiyoaki lUIMA ) 

) PRELIMINARY 

Examiner: Unknown ) AMENDMENT 

) 

Filed: Herewith ) 

) 

For: DISPLAY DEVICE AND ELECTRONIC ) 

APPARATUS EMPLOYING THE SAME) 

) 

Hon. Commissioner of Patents & Trademarks 
Washington, D.C. 20231 

CER TIFICA TE OF EXPRESS MAILING 

I hereby certify that this correspondence is being deposited with the United States Postal Service as Express 
iUlailin an envelope addre^dto: Commissioner of Patents and Trademarks, Washington, D.C. 20231 on 

By 

Sir: 

Prior to the examination of this application, please amend it as follows: 

IN THE CLAIMS 

Please cancel Claim 1. 

Please add the following new claims: 

22. (NEW) A display device comprismg: 

a polarization axis varying device, 

a first polarizing splitter device disposed on one side of said polarization 
axis varying device and which transmits a light ray component linearly polarized in a first 
direction while reflecting or absorbing a light ray component linearly polarized in a 
predetermined direction different from said first direction; 

a second polarizing splitter device, disposed on the other side of said 






polarization axis varying device and which reflects a light ray component linearly polarized in 
a second direction while transmitting a light ray component linearly polarized in a 
predetermined direction different from said second dkection; and 

a lighting device disposed on the side of said second polarizing splitter 
device opposite to said polarization axis varying device, 

wherein said lighting device has a light diffusing device at a surface 
thereof, said light diffusing device diffusing and reflecting a Ught ray coming in from said 
second polarizing splitter device, while transmitting a light ray coming from said lighting 
device toward said second polarizing splitter device. 

23. (NEW) A display device according to Claim 22, further comprising a light 
reflective device, disposed on the side of said lighting device opposite to said light diffusing 
device, for reflecting a light ray coming in from said lighting device, 

wherein said lighting device transmits a light ray coming in from said 
light diffusing device toward said Ught reflective device, while transmitting a light ray coming 
in from said light reflective device toward said light diffusing device. 

24. (NEW) A display device according to Claim 23, wherein said light reflective 
device emits a light ray. 

25. (NEW) A display device according to Claim 23, wherein said light reflective 
device emits a color light ray. 
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26. (NEW) A display device according to Claim 22, further comprising a light exit 
angle control device, disposed between said second polarizing splitter device and said light 
diffusing device, for outputting a light ray at an exit angle within a predetermined range when 
receiving a light ray. 

27. (NEW) A display device according to Claim 22, further comprising a Ught exit 
angle control device, disposed between said lighting device and said hght diffusing device, for 
outputting a light ray at an exit angle within a predetermined range when receiving a light ray. 

28. (NEW) A display device according to Claim 22, further comprising a third 
polarizing splitter device disposed between said Ughting device and said light diffusing device 
and which reflects a light ray component linearly polarized in a third direction, while 
transmitting a Ught ray component linearly polarized in a predetermined direction different 
from said third direction, 

29. (NEW) A display device according to Claim 28, wherein said second polarizing 
splitter device and said third polarizmg splitter device are disposed such that said second 
direction and said third direction are different from each other. 

30. (NEW) A display device comprising: 

a liquid-crystal display panel having a liquid crystal interposed between 

a pair of substrates; 

a polarizer disposed on one side of said liquid-crystal display panel; 

a fnst reflective polarizer disposed on the other side of said liquid- 
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crystal display panel; and 

a lighting apparatus disposed on the side of said first reflective polarizer 

opposite to the polarizer; 

wherein said lighting apparatus includes a light diffuser at a surface 
thereof, said light diffuser diffusing and reflecting a light ray coming in from said first 
reflective polarizer, while transmitting a light ray coming in from said lighting apparatus 
toward said first reflective polarizer. 

31, (NEW) A display device according to Claim 30, further comprising a reflector 
on the side of said light diffuser opposite to said fighting apparatus, wherein said lighting 
apparatus comprises a light source and a substantially transparent light guide. 

32. (NEW) An electronic apparatus having a display device with a liquid-crystal 
display panel as a display unit, said display device comprising: 

a liquid-crystal display panel having a liquid crystal interposed between 

a pair of substrates; 

a polarizer disposed on one side of said liquid-crystal display panel; 

a first reflective polarizer disposed on the other side of said liquid- 
crystal display panel; and 

a lighting apparatus disposed on the side of said first reflective polarizer 
opposite to the polarizer; 

wherein said lighting apparatus includes a light diffuser at a surface 

thereof, said light diffuser diffnsmg and reflecting a light ray coming in from said first 

reflective polarizer, while transmitting a light ray coming in from said lighting apparatus 
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toward said first reflective polarizer. 

REMARKS 

The purpose of these new claims is to provide Applicant with a scope of protection 
commensurate with its contribution to the art. 

Favorable consideration of this application is respectfiilly requested. 

Respectfully submitted, 



Date: June 



Harness, Dickey & Pierce, P.L.C. 
P.O. Box 828 

Bloomfield HUls, MI 48303 
(248) 641-1600 
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Attorney Docket No. 9319S-000073 

DISPLAY DEVICE AND ELECTRONIC 
APPARATUS EMPLOYING THE SAME 

L Technical Field 

The present invention relates to a display device and an electronic apparatus. More 
particularly, the present invention relates to a transflective display device having two modes 
of display. 

5 2. Discussion 

p Since a conventional display device employing TN (Twisted Nematic) liquid crystal 

£■ or STN (Super-Twisted Nematic) liquid crystal adopts the structure of a liquid-crystal display 

^} panel sandwiched between two polarizers, the utihzation of light is poor. A transflective 

n display device in particular suffers dark display during a reflective display mode. 

f;10 Referring to FIG. 14, a conventional transflective liquid-crystal display device using 

f:] a TN liquid-crystal display panel is now discussed. Referring to FIG. 14, there are shown an 

Z upper polarizer 130, a TN liquid-crystal display panel 140, a lower polarizer 170, a 

transflective plate 180, and a Ught source 210, Although FIG. 14 shows the components 
spaced apart from each other, they actually closely adhere to one another, 
15 Discussed now is how white color is presented during a reflective display mode. A 

light ray 1 1 1 is linearly polarized in a direction parallel with the page bearing FIG. 14 by the 
upper polarizer 130, is twisted in a polarization direction 90° by the TN liquid-crystal display 
panel 140, becoming a light ray linearly polarized in a direction perpendicular to the page, 
and is then transmitted through the lower polarizer 170. Part of the light ray transmitted 
20 through the lower polarizer 170 is reflected by the transflective plate 180, and is again 
transmitted through the lower polarizer 170. The light ray is then twisted in a polarization 



direction 90*" by the TN liquid-crystal display panel 140 and is thus linearly polarized in a 
direction parallel with the page, and is then transmitted through the upper polarizer 130. 

Because of its light absorbing feature, the lower polarizer 170 partly absorbs the light 
ray. This lowers the utilization of light, presenting a dark display during the reflective display 
5 mode. 

In an effort to resolve this problem, we have proposed a transflective display device 
(see Japanese Patent Application No. 8-245346) in which the lower polarizer 170 is replaced 
with a reflective polarizer that reflects a light ray component linearly polarized in a 
predetermined direction while transmitting a light ray component linearly polarized in a 

£iO direction perpendicular to the predetermined direction. Referring to FIG. 15, the transflective 

H display device using this reflective polarizer is now discussed. 

^ Referring to FIG. 15, there are shown a non-voltage applied area 605 of the TN Uquid- 

crystal display panel and a voltage applied area 606 of the TN liquid-crystal display panel. 

yi There are also shown the upper polarizer 130, an upper glass substrate 302, a lower glass 

as substrate 304, a reflective polarizer 160, a transmissive-absorbent layer 307, and a lighting 

^ apparatus 210. 

The principle of the reflective display mode is now discussed. A light ray 601, which 
is linearly polarized in a direction parallel with the page by the upper polarizer 130, is twisted 
in a polarization direction 90"" by the non-voltage applied area 605 of the TN liquid-crystal 
20 display panel, thereby becoming a light ray linearly polarized in a direction perpendicular to 
the page. The light ray is then reflected by the reflective polarizer 160, and is twisted in a 
polarization direction 90° by the non-voltage applied area 605 of the TN liquid-crystal display 
panel, thereby becoming a light ray linearly polarized in a direction parallel with the page. 
The light ray is then transmitted through the upper polarizer 130. When no voltage is applied 
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to the TN liquid- crystal panel, a white display is thus presented. 

On the other hand, a light ray 603, which is linearly polarized in a direction parallel 
with the page by the upper polarizer 130, is transmitted through the voltage applied area 606 
of the TN liquid-crystal display panel without any change in a polarization direction, and is 
transmitted through the reflective polarizer 160. The light ray is then absorbed by the 
transmissive-absorbent layer 307. A black display is thus presented when a voltage is applied 
to the TN liquid-crystal display panel. 

During the transmissive display mode, a light ray 602 emitted from the lighting 
apparatus 210 passes through an aperture formed in the transmissive-absorbent layer 307, and 
is linearly polarized in a direction parallel with the page by the reflective polarizer 160. The 
light ray is then twisted in a polarization direction 90*^ by the non- voltage applied area 605 
of the TN liquid-crystal display panel, thereby becoming a light ray linearly polarized in a 
direction perpendicular to the page, and is absorbed by the upper polarizer 130. A black 
display is thus presented when no voltage is applied to the TN liquid-crystal display panel. 

A light ray 604 emitted from the lighting apparatus 210 passes through an aperture 
formed in the transmissive-absorbent layer 307, and is linearly polarized in a direction parallel 
with the page by the reflective polarizer 160. The light ray is then transmitted through the 
voltage applied area 606 of the TN liquid-crystal display panel with no change in a 
polarization direction, and is transmitted through the upper polarizer 130. A white display 
is thus presented when a voltage is applied to the TN hquid-crystal display panel. 

In the transflective display device using such a reflective polarizer, a positive-negative 
relationship is reversed between the display in the reflective display mode and the display in 
the transmissive display mode. For this reason, a user has difficulty watching a display with 
the lighting apparatus 210 lit under an external light, and the display under such conditions 




is not adequate depending on the purpose of use. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to provide a display device that is free 
from a positive-negative reversal between the reflective display mode and the transmissive 
5 display mode. It is another object of the present invention to provide an electronic apparatus 
employing such a display device. 

The above and other objects are provided by a display device includes a reflective 
polarizer beneath a liquid-crystal display panel, and a light diffusing plate and a lighting 
^ ^paratus disposed beneath the reflective polarizer. In a reflective display mode, the display 

3o device presents a specular display resulting from a Ught ray reflected by the reflective 
polarizer and a diffusion display resulting from a diffused light. In a transmissive display 
. mode, the display device presents a dark display and a diffusion display caused by the Ught 

01 diffusing plate. 

The present invention works on the above principle, and comprises polarization axis 
4.5 varying means, first polarizing splitter means disposed on one side of the polarization axis 
varying means which transmits a light ray component linearly polarized in a first direction 
while reflecting or absorbing a light ray component linearly polarized in a predetermined 
direction different from the first direction, second polarizing splitter means disposed on the 
other side of the polarization axis varying means which reflects a light ray component linearly 
20 polarized in a second direction while transmitting a light ray component linearly polarized in 
a predetermined direction different from the second direction, Ughting means disposed on the 
side of the second polarizing splitter means opposite to the polarization axis varying means, 
and light diffiising means disposed between the second polarizing splitter means and the 
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lighting means which diffuses and reflects a light ray coming in from the second polarizing 
splitter means, while transmitting a light ray coming from the lighting means toward the 
second polarizing splitter means. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of a reflective polarizer. 

FIG. 2 illustrates the principle of a reflective display mode of the display device of 
the present invention. 

FIG. 3 illustrates the principle of a transmissive display mode of the display device 
of the present invention. 

FIG. 4 is an exploded, cross-sectional view showing a transflective display device of 
a first embodiment of the present invention. 

FIG. 5 is an explanatory view showing a lighting apparatus used in the display device 
of the first embodiment of the present invention. 

FIG. 6 shows the surface configuration of a light guide used in the display device of 
the first embodiment of the present invention. 

FIG. 7 is an exploded, cross-sectional view showing the display device of a second 
embodiment of the present invention. 

FIG. 8 illustrates the relationship between the polarization axis of the reflective 
polarizer 40 and the polarization axis of the reflective polarizer 60, both used in the display 
device of the second embodiment of the present invention. 

FIG, 9 is an exploded, cross-sectional view showing the display device of a third 
embodiment of the present invention. 

FIG. 10 is an exploded, cross-sectional view showing the display device of a fourth 



embodiment of the present invention. 

FIG. 1 1 is an exploded, cross-sectional view showing the display device of a fifth 
embodiment of the present invention, 

FIG. 12 illustrates the function of exit angle control means used in the third and 
5 fourth embodiments of the present invention. 

FIG. 13 is a perspective view showing an electronic apparatus of the present 
invention. 

FIG. 14 is a cross-sectional view of a conventional transflective display device 
employing a structure in which a liquid crystal is sandwiched between a pair of polarizers. 
JSO FIG. 15 is a cross-sectional view showing a conventional transflective display device 

O employing a reflective polarizer. 



DETAILED DESCRIPTION OF THE DRAWINGS 
iji The principle of the present invention is now discussed referring to FIG. 1, FIG, 2 

S and FIG. 3. FIG. 1 is a perspective view of a reflective polarizer which is used as polarizing 
QP5 splitter means. FIG. 4 illustrates the principle of display when an extemal light enters the 
display device of the present invention, and FIG. 5 is an explanatory view illustrating the 
principle of display when a light source lights. 

Referring to FIG. 1, the reflective polarizer 160 has a structure in which two different 
types of layers, layer 1 (A layer) and layer 2 (B layer), are alternately laminated. A refractive 
20 index (n^) of the A layer 1 in the X direction is different from a refractive index (n^y) in the 
Y direction. The refractive index (n^y) th® ^ layer 1 in the Y direction is approximately 
equal to a refractive index (ngy) of the B layer 2 in the Y direction. 

The light ray component linearly polarized in the Y direction, out of the Ught ray 
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incident at a right angle on a top surface 5 of the reflective polarizer 160, is transmitted 
through the reflective polarizer 160, and then exits from a bottom surface 6 as a light ray 
linearly polarized in the Y direction. Conversely, the light ray component linearly polarized 
in the Y direction, out of the light ray incident at a right angle on the bottom surface 6 of the 
reflective polarizer 160, is transmitted through the reflective polarizer 160, and exits from the 
top surface 5 as a light ray Unearly polarized in the Y direction. The Y direction is called a 
polarization axis. 

Let t^ represent the thickness of the A layer 1 in the Z direction, tg represent the 
thickness of the B layer 2 in the Z direction, and X represent the wavelength of an incident 
light. 

tA^AX + ts^BX^'^^ (1) 

With the above equation established, the light ray component linearly polarized in the 
X direction, out of the light ray, having a wavelength X, incident at a right angle on the top 
surface 5 of the reflective polarizer 160 is reflected by the reflective polarizer 160 as a light 
ray linearly polarized in the X direction. The linearly polarized light ray having a wavelength 
5l incident on the bottom surface 6 is reflected by the reflective polarizer 160 as a light ray 
linearly polarized in the X direction. The X direction is called a reflection axis. 

Equation (1) holds on the entire visible-light wave range by varying the thickness t^ 
of the A layer 1 in the Z direction and the thickness of tg of the B layer 2 in the Z direction. 
This arrangement provides a reflective polarizer which reflects a light ray linearly polarized 
in the X direction as a light ray linearly polarized in the X direction while transmitting a light 
ray linearly polarized in the Y direction as a light ray linearly polarized in the Y direction, 
not only in a single color but also in a white color light. 

Stretched polyethylene naphtalate (PEN) is used for the A layer and copolyester of 



naphtalen dicarboxylic acid and terephthallic or isothalic acid (coPEN) is used for the B layer 
in the reflective polarizer 160. The materials of the reflective polarizer of the present 
invention are not limited to these materials, and any appropriate materials may be selected. 
Such a reflective polarizer is disclosed in detail in Japanese Unexamined Patent Publication 
No. 9-506985(toku-hyo-hei 9-506985). 

FIG. 2 illustrates the display device of the present invention under the presence of an 
external hght. The display device employs the TN liquid-crystal display panel 140 as 
polarization axis varying means. The upper polarizer 130 is disposed on top of the TN liquid- 
crystal display panel 140. Arranged beneath the TN liquid-crystal display panel 140 are the 
reflective polarizer 160, a light diffusing layer 150, a hght source 190 and a reflective layer 
200 in that order from below. The polarization axis of the polarizer 130 is perpendicular to 
the polarization axis of the reflective polarizer 160. 

In a voltage applied area 120 on the right-hand side, a natural ambient light 121 is 
linearly polarized in a direction parallel with the page by the polarizer 130, and is then 
transmitted through the TN liquid-crystal display panel 140 with no change in polarization 
direction. The Ught ray is then reflected by the reflective polarizer 160, as a Ught ray Unearly 
polarized in a direction parallel with the page, is transmitted through the TN liquid-crystal 
display panel 140 with no change in polarization direction, and then exits from the polarizer 
130. Since the reflective polarizer 160 reflects Ught in a specular reflection fashion, the 
display device presents a bright display on screen only when the light ray reflected from the 
reflective polarizer is seen at a right viewing angle to a screen. The display device presents 
a dark display on screen when the light ray reflected from the reflective polarizer is viewed 
at viewing angles other than the right angle to the screen. 

In a non-voltage applied area 110 on the left-hand side, a natural ambient light 111 
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is linearly polarized in a direction parallel with the page by the polarizer 130, and is twisted 
in a polarization direction 90° by the TN liquid-crystal display panel 140, becoming a light 
ray linearly polarized in a direction perpendicular to the page. The light ray is then 
transmitted through the reflective polarizer 160, and is partly transmitted through the Hght 
5 diffusing layer 1 50. The light ray transmitted through the Ught diffusing layer 1 50 is reflected 
by the reflective layer 200, is again transmitted through the light diffusing layer 150, and exits 
toward the reflective polarizer. Part of the light ray transmitted through the reflective 
polarizer 160 is diffused through and reflected by the light diffusing layer 150, and then exits 
toward the reflective polarizer 160. The hght ray linearly polarized in a direction 
3o perpendicular to the page, exiting to the reflective polarizer and transmitted again through the 
O reflective polarizer 160, is twisted in a polarization direction 90° by the TN liquid-crystal 
p display panel 140, becoming a light ray Unearly polarized in a direction parallel with the page, 

J" and is then transmitted through the polarizer 130. Since the Ught ray transmitted through the 

polarizer 130 is a light ray diffused through the light diffusing layer 150, it is white in all 
yp|5 directions. 

O In the voltage appUed area 120, the light reflected by the reflective polarizer 160 is 

an exiting light ray 122, while in the non- voltage apphed area 110, the light transmitted 
through the reflective polarizer 160 is an exiting Ught 112, which looks white from all 
directions, as a result of a diffusion action by the light diffusing layer 150. Under the 
20 external light, the display device presents a positive with a dark (black) display with a white 
background in ahnost all directions. However, a positive with a specular display with a white 
backgroxmd is obtained in the reflection direction of the Ught ray reflected by the reflective 
polarizer. 

Referring to FIG. 3, the Uquid-crystal display device remains unchanged from the one 
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shown in FIG. 2. In the voltage applied area 120 on the right-hand side, a light ray 
component aligned with the polarization direction of the reflective polarizer 160, out of a Ught 
ray 125 from a light source, is transmitted through the reflective polarizer 160 as a light ray 
linearly polarized in a direction perpendicular to the page. The light ray transmitted through 
the reflective polarizer 160 is then transmitted through the TN Uquid-crystal display panel 140 
with no change in polarization direction, and is absorbed by the polarizer 130. The resulting 
display thus appears black. 

In the non- voltage appUed area 110 on the left-hand side, a Ught ray component 
aligned with the polarization direction of the reflective polarizer 160, out of a light ray 115 
from the light source, is transmitted through the reflective polarizer 160 as a light ray linearly 
polarized in a direction perpendicular to the page. The light ray transmitted through the 
reflective polarizer 160 is then twisted in a polarization direction 90° by the TN liquid-crystal 
display panel, becoming a light ray linearly polarized in a direction parallel with the page, and 
is then transmitted through the polarizer 130. 

With the light source Ut, the voltage applied area 120 presents a dark display as a 
result of light absorption through the polarizer 130 while the non-voltage appUed area 110 
presents a light display as a result of light transmission through the polarizer 130. A black 
positive with a light source color backgroxmd is presented when the light source 190 Ughts. 
In conclusion, a positive display is presented regardless of whether the display device is under 
the extemal light or with the light source lit. 

The voltage applied area and the non-voltage applied area may be reversed in 
presentation by rotating the polarization axis of the polarizer 130 by 90*^. In this case, a 
negative display is presented regardless of whether the display device is under the extemal 
light or with the light source lit. 
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In the above discussion, the TN liquid-crystal display panel 140 is employed. The 
basic principle of the present invention remains imchanged even if another liquid-crystal 
display with its polarization axis varied by a voltage or the like, such as an STN liquid-crystal 
display panel or ECB (Electrically Controlled Birefringence) liquid-crystal display panel, is 
alternatively employed. 

The present invention works on the above principle, and comprises polarization axis 
varying means, first polarizing splitter means disposed on one side of the polarization axis 
varying means which transmits a light ray component linearly polarized in a first direction 
while reflecting or absorbing a Ught ray component linearly polarized in a predetermined 
direction different from the first direction, second polarizing splitter means disposed on the 
other side of the polarization axis varying means which reflects a light ray component linearly 
polarized in a second direction while transmitting a light ray component linearly polarized in 
a predetermined direction different from the second direction, lighting means disposed on the 
side of the second polarizing splitter means opposite to the polarization axis varying means, 
and light diffusing means disposed between the second polarizing splitter means and the 
lighting means which diffuses and reflects a light ray coming in from the second polarizing 
splitter means, while transmitting a light ray coming from the lighting means toward the 
second polarizing splitter means. 

Used for the polarization axis varying means is a liquid-crystal display panel, and 
preferably, a TN liquid-crystal display panel, an STN liquid-crystal display panel, or an ECB 
liquid-crystal display panel. The STN liquid-crystal display panels include the type employing 
an optically anisotropic material for color correction. Preferably, the polarizer is used for the 
first polarizing splitter means and the reflective polarizer described with reference to FIG. 3 
is used for the second polarizing splitter means. The reflective polarizer described with 
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reference to FIG. 3 may be used for the first polarizing splitter means. 

Preferably used for the lighting means is a lighting apparatus including a light source 
as a light emitting body and a light guide plate for outputting a Ught from the light source 
toward the light diffusing means. The light diffusing means needs to transmits the light 
coming in from the Ughting means toward the second polarizing splitter means. 

With the lighting means Ut, namely, during the transmissive display mode, two display 
modes of dark and light displays are available depending on the state of the polarization axis 
of the polarization axis varying means: in the dark display mode (hereinafter simply referred 
to as dark display), the light ray from the lighting means is not transmitted through the first 
polarizing splitter means and in the light display mode (hereinafter referred to as diffusion 
display), the light ray from the light source is diffused through the light diffusing means and 
is then transmitted through the first polarizing splitter means. 

Under the external light, namely, during the reflective display mode, two display 
modes of specular display and diffusion display are available depending on the state of the 
polarization axis of the polarization axis varying means: in the specular display mode 
(hereinafter referred to as specular display), the external Ught is reflected by the second 
polarizing and in the diffusion display mode (hereinafter referred to as diffusion display), the 
external light is diffused and reflected by the light diffusing means. To present the specular 
display, no diffusion layer is preferred in the optical path of the light reflected by the second 
polarizing splitter means. In the specular display, a light display is presented only when the 
light ray reflected by the second polarizing splitter means is viewed from the direction of 
reflection while a dark display is presented when the light ray reflected by the reflective 
polarizer is viewed from directions other than the direction of reflection. The specular display 
generally looks dark. On the other hand, the diffusion display looks light from all directions. 
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For this reason, a resulting contrast is free from any particular problem in presentation, though 
the two display modes make use of the exiting light from the polarizer. 

In the above two display modes, the specular display in the reflective display mode 
corresponds to the dark display in the transmissive display mode, and the diffusion display 
in the reflective display mode corresponds to the diffusion display in the transmissive display 
mode. A transflective display device free from the reversal in the positive-negative 
relationship is thus provided. 

In the above arrangement, the hght diffusing means may emit a color Ught ray. 
Specifically, a polymeric film containing colored micro-pearl may be used for the light 
diffusing means. 

The light diffusing means may emit a light ray. Specifically, a fluorescent plate may 
be used for the light diffusing means, and the diffusion display appears in a fluorescence 
color. 

Provided on the side of the lighting means opposite to the light diffusing means is 
light reflective means for reflecting a light ray coming in from the lighting means. The 
lighting means transmits a Ught ray coming in from the hght diffusing means toward the light 
reflective means, while transmitting a Ught ray coming in from the Ught reflective means 
toward the light diffusing means. 

In the diffusion display during the reflective display mode, the external light is partly 
reflected by and partly transmitted through the Ught diffusing means. The light ray 
transmitted through the light diffusing means is transmitted through the Ughting means, is 
reflected by the reflective means, and is again transmitted through the Ught diffusing means. 
For this reason, the diffusion display in the reflective display mode is even lighter. In the 
diffusion display during the transmissive display mode, the Ught ray component linearly 
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polarized in the second predetermined direction, out of the Ught ray from the lighting 
apparatus, transmitted through the light diffusing means, is reflected by the second polarizing 
splitter means, and the reflected light ray is again reflected by the light reflective means. As 
the light ray is repeatedly reflected and diffused, the light ray is partly varied in a polarization 
direction, and is then transmitted through the second polarizing splitter means. The light 
reflective means reflects a light ray that is reflected toward the lighting apparatus by the light 
diffusing means and a light ray component of the light ray emitted by the light source exiting 
toward the light reflective means. For this reason, the utilization of light is improved, 
presenting a lighter diffusion display in the transmissive display mode. 

The light reflective means may emit a light ray or a color light ray. To emit a light 
ray, a fluorescent plate may be employed, and to emit a color light ray, a hologram may be 
employed. With this arrangement, the diffusion displays in the transmissive display mode and 
reflective display mode are colored, providing an easy-to-see feature to the display device. 

Light exit angle control means for outputting a light ray at an exit angle within a 
predetermined range may be further arranged between the lighting means and the light 
diffusing means or between the second polarizing splitter means and the light diffusing means. 

A film including a plurality of layers having different refractive indexes may be used 
for the light exit angle control means. Such a film is, for example, Lumisty Fihn (trade 
name) manufactured by SUMITOMO CHEMICAL CO., LTD. 

Referring to FIG. 12, the exit angle control means is now discussed. Designated 1000 
is a film in which a Limiisty Fihn is disposed on top of a light diffusing plate or a light 
reflector. A light ray 1001 is incident on the fihn 1000, and exits as a diffused light ray. The 
strongest light ray of the diffused light is now designated 1002. The incident angle 91 of the 
incident Ught ray 1001 is different from the exit angle of the exiting light ray 1002. When 
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a light ray is incident at an angle of 01, the light ray reflected from the film exits at an exit 
angle of 62. However, a Ught ray reflected by the second polarizing splitter means exits at 
an exit angle of 01. With the device viewed at 02, an increased contrast results. 

Arranged between the Hghting means and the light diffusing means is third polarizing 
splitter means which reflects a hght ray component linearly polarized in a third direction, 
while transmitting a Ught ray component linearly polarized in a predetermined direction 
different from the third direction. Like the second polarizing splitter means, the third 
polarizing splitter means may be the reflective polarizer described with reference to FIG. 3. 
By arranging the second polarizing splitter means and the third polarizing splitter means with 
their polarization axes out of alignment, the light ray transmitted through the second 
polarizing splitter means is reflected by the third polarizing splitter means in the diffusion 
display in the reflective display mode. The diffused light ray transmitted through the first 
polarizing splitter means is increased, resulting in a lighter diffused display. An excessively 
large angle set between the polarization axis of the second polarizing splitter means and the 
polarization axis of the third polarizing splitter means makes it difficult for the light ray from 
the Ughting apparatus to transmit through the second and third polarizing spUtter means. The 
diffusion display in the transmissive display mode is thus darkened. If the angle between the 
two polarization axes is too small, most of the light ray transmitted through the second 
polarizing splitter means is also transmitted through the third polarizing splitter means, 
reducing the effect of lighting the diffusion display in the reflective display mode. The angle 
between the polarization axis of the second polarizing splitter means and the polarization axis 
of the third polarizing splitter means is preferably between 45"* and 80*", and more preferably 
between 60° and 75*^. 

The reflective polarizer as the second polarizing splitter means or the third polarizing 
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splitter means is characterized by its laminate structure in which layers having birefringence 
and layers having no birefringence are altemately laminated. By adjusting the thickness of 
each layer in the lamination, a light ray in the visible-light wavelength region having one 
polarization direction is reflected and a light ray in the visible-light wavelength region having 
another polarization direction is transmitted therethrough, and the diffusion display appears 
white. 

The electronic apparatus of the present invention comprises a display device with a 
liquid-crystal display panel as a display unit, wherein the display device comprises a liquid- 
crystal display panel having a liquid crystal interposed between a pair of substrates, a polarizer 
disposed on one side of the liquid-crystal display panel, a first reflective polarizer disposed 
on the other side of the liquid-crystal display panel, a lighting apparatus disposed on the side 
of the first reflective polarizer opposite to polarization axis varying means, and a Ught 
diffusing plate which, arranged between the first reflective polarizer and the lighting means, 
diffuses and reflects a light ray coming in from the first reflective polarizer while transmitting 
a light ray coming in from the lighting apparatus toward the first reflective polarizer. 

With the above arrangement, the electronic apparatus of the present invention is free 
from the positive/negative reversal. 

The display device of the present invention finds applications in both a passive matrix 
addressing liquid-crystal display panel and an active matrix addressing liquid-crystal display 
panel in which the liquid crystal is addressed by thin-film transistors or thin-film diodes 
formed on a substrate. 

Referring again to the drawings, the preferred embodiments of the present invention 
are now discussed. FIG, 4 is an exploded, cross-sectional view showing the display device 
of a first embodiment of the present invention. The display device of the first embodiment 
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is a transflective display device having two display modes, a reflective display mode and a 

transmissive display mode. 

A display device 10 of the first embodiment employs an STN liquid-crystal display 
panel 20 for the polarization axis varying means. A retardation film 14 and a polarizer 12 
are laminated on the STN Uquid-crystal display panel 20 in that order therefrom. Arranged 
beneath the STN liquid-crystal display panel 20 are a reflective polarizer 40 as the first 
polarizing splitter means, a light diffusing plate 30 as the light diffusing means, a lighting 
apparatus 70 as the Ughting means, and a reflector 90 as the light reflective means m that 
order from below. The reflective polarizer described with reference to FIG. 1 may be used 
for the reflective polarizer 40. The reflective polarizer 40 has a thickness within a range of 
50 to 200 |xm, and is glued onto a glass substrate 22 using acrylic adhesive therebetween. 
The light diffusing plate 30 preferably has a haze value within a range of 5 to 85. A large 
haze value lowers the lightness on the screen while resulting in a large viewing angle. The 
Ught diffusing plate 30 may be a resin in which micro-particles are dispersed, and the resin 
is applied onto the surface of the reflective polarizer 40. A plastic film with aluminum or 
silver deposited thereon, or aluminum foil may be used for the reflector 90. The thickness 
of the reflector 90 is preferably within a range of 10 |im to 200 ^m. 

In the STN liquid-crystal display panel 20, an STN liquid crystal 26 fills a panel 
constructed of glass substrates 21 and 22 and sealing members 23. The thickness of each of 
the two glass substrates 21 and 22 is 2 mm or thinner. A transparent electrode 24 is attached 
on the underside of the glass substrate 21, and a transparent electrode 25 is attached on the 
top surface of the glass substrate 22, ITO (Indium Tin Oxide) or tin oxide may be used for 
the transparent electrodes 21 and 22. The retardation film 14 is used as a color correction, 
optically anisotropic material to correct coloration generated by the STN liquid-crystal display 
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panel 20, The lighting apparatus 70 employs an LED (Light Emitting Diode) 71, and projects 
light upward through a light guide 72. 

The lighting apparatus 70 is constructed as shown in FIG. 5. The light guide 72 is 
made of polycarbonate or acrylic transparent plastic plate and has a width within a range of 
0.3 mm to 2 mm, and has a number of dimples or projections on its surface. The dimples 
or projections, each having a size ranging from 10 |xm to 200 [am, are spaced with a pitch of 
20 iim to 400 \im. As shown, each projection or dimple may be a semispherical projection 
shown in FIG. 6(a), a conical dimple shown in FIG. 6(b), a semispherical dimple shown in 
FIG, 6(c), a circular column projection shown in FIG. 6(d), a circular column dimple shown 
in FIG. 6(e), or any other shape. The density of dimples or projections may be changed to 
provide a uniform surface luminance on the light guide 72. For its surface dimples or 
projections, the light guide 72 also serves as a light diffusing plate. 

Preferably, the light guide has a small optical anisotropy. The presence of optical 
anisotropy tends to cause discoloration or irregular coloration in the display. 

The operation of the transflective display device 10 of this embodiment is now 
discussed referring to FIG. 4. Under the external light, in a voltage applied area, the natural 
ambient light is linearly polarized in a predetermined direction by the polarizer 12, and is then 
twisted in a polarization direction a predetermined angle by the STN liquid-crystal display 
panel 20, and is then reflected by the reflective polarizer 40 rather than being absorbed. The 
light ray is then twisted in a polarization direction a predetermined angle by the STN liquid- 
crystal display panel 20, and exits from the polarizer 12 as a linearly polarized light ray. In 
the voltage applied area, the light ray is not absorbed but reflected by the reflective polarizer 
40, presenting a specular display. 

In a non-voltage applied area, the natural ambient light is linearly polarized in a 
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predetermined direction by the polarizer 12, and is then transmitted through the STN Hquid- 
crystal display panel 20 as a linearly polarized light ray, and is transmitted through the 
reflective polarizer 40 as a linearly polarized light ray. The linearly polarized light ray thus 
transmitted is diffused by the light diffusing plate 30. A light ray component transmitted 
through the light diffusing plate 30 is reflected by the reflector 90, and is diffused by the light 
diffusing plate 30, and is transmitted through the STN liquid-crystal display panel 20 and 
polarizer 12, and exits as a linearly polarized light ray. Since the exiting light is a diffused 
light, it appears white. 

The light ray reflected by the reflective polarizer 40 exits in a linearly polarized Kght 
ray featuring specularity in the voltage applied area while the light ray transmitted through 
the reflective polarizer 40 is thus diffused through the light diffusing plate 30 and then exits 
as a linearly polarized light ray presenting white color. With this arrangement, a specular 
display with a white background, namely, a dark display results. 

With the light source lit, in a voltage applied area, the light ray emitted by the 
lighting apparatus 70 is transmitted through the reflective polarizer 40, and is then twisted in 
a polarization direction a predetermined angle by the STN liquid-crystal display panel 20 
becoming a light ray linearly polarized in a predetermined direction, and is absorbed by the 
polarizer 12. The voltage applied area thus appears black. 

In a non-voltage applied area, the light ray from the Ught source is transmitted 
through the reflective polarizer 40, and is then twisted in a polarization direction a 
predetermined angle by the STN liquid-crystal display panel 20 becoming a light ray linearly 
polarized in a predetermined direction, and is transmitted through the polarizer 12. 

The light ray in the voltage applied area is absorbed by the polarizer 12, becoming 
dark while the light ray in the non-voltage applied area exits through the polarizer 12. A 



black display is presented with the color of the exiting light ray from the Ughting apparatus 
as the background color. 

The Ught diffusing plate 30 may be colored to change the backgroxmd color. When 
the polarizer 12 is replaced with a reflective polarizer having the same structure as that of the 
reflective polarizer 40, a light white display is presented under the external light because such 
reflective polarizer is imable to absorb light unlike the polarizer 12. 

When a green hologram was employed for the reflector 90, the diffusion displays in 
both the reflective display mode and the transmissive display mode were green-colored at one 
viewing angle. When a prism sheet was employed for the reflector 90, a black display with 
a light background was presented at one viewing angle. 

FIG. 7 is an exploded, cross-sectional view showing the display device of a second 
embodiment of the present invention. In the second embodiment, a reflective polarizer 60 as 
the third polarizing splitter means is arranged between the light diffusing plate 30 and the 
lighting apparatus 70. The rest of the construction of the second embodiment remains 
unchanged from that of the first embodiment, and the detailed description about it is not 
repeated here. 

FIG. 8 illustrates the relationship between the polarization axis of the reflective 
polarizer 40 and the polarization axis of the reflective polarizer 60, wherein 41 designates the 
polarization axis of the reflective polarizer 40 and 61 designates the polarization axis of the 
reflective polarizer 60. In the second embodiment, the angle 0 between the polarization axis 
41 and the polarization axis 61 is 68*^. 

The study of the display of the display device in the second embodiment revealed that 
the difftision display became lighter in the reflective display mode because the light ray 
transmitted through the reflective polarizer 40 was reflected by the reflective polarizer 60. 
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The further study of the display with the magnitude of 9 changing revealed the 
following tendency. With the angle 9 decreasing, both the voltage applied area and the non- 
voltage applied area were lighter because most of the Ught ray in alignment with the 
polarization axis 61, which is transmitted through the reflective polarizer 60 with the Ught 
source lit, is transmitted through the reflective polarizer 40. Under the external light, most 
of the Ught ray in alignment with the polarization axis 41, which is transmitted through the 
reflective polarizer 40, is not reflected by the reflective polarizer 60, The Ughtness of the 
non-voltage appUed area is not so much heightened. With the angle 0 between the 
polarization axis 41 and the polarization axis 61 decreasing, the transmissive display mode 
offers a light display, while the non-voltage appUed area in the reflective display mode is 
darkened. Conversely, with the angle 0 between the polarization axis 41 and the polarization 
axis 61 increasing, the transmissive display mode presents a dark display, while the non- 
voltage appUed area in the reflective display mode becomes Ught. The angle 0 has its own 
appropriate range. According to test results, the angle 9 is preferably within a range of 45° 
to 80°, and is more preferably within a range of 60° to 75°. 

FIG. 9 is an exploded, cross-sectional view showing the liquid-crystal display device 
of a third embodiment of the present invention. In the third embodiment, a Lumisty Film, 
manufactured by SUMITOMO CHEMICAL CO., LTD, as the exit angle control means, was 
arranged between the Ught diffusing plate 30 and the reflective polarizer 40. Since the rest 
of the construction of the third embodiment remains unchanged from that of the second 
embodiment, the detailed discussion about it is not repeated. 

The Ught diffusing plate 30 contains micro-pearl dispersed therein and is a transflector 
serving also as reflective means. Limiisty 80, manufactured by SUMITOMO CHEMICAL 
CO., LTD., in combination with the Ught diffusing plate 30, has the effect of making the light 
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exit angle different from the light incident angle as shown in FIG. 12. This is because 
Lumisty Film has the following stracture and characteristics. Lumisty Fihn contains layers 
having different refractive indexes, each having a thickness of 3 |am. This laminate structure 
causes light diffraction, diffusing light. By adjusting the laminate structure, the direction of 
the diffuse Hght is controlled. When an incident angle is 70°, an exit angle becomes 90°. 
Even when the screen of the device is viewed at a right angle and shadowed by a user, the 
screen is not darkened and remains light. With this arrangement, the device screen is easy 
to view with an increased contrast. A removal of the retardation film 14 resulted in a blue 
display with a bright yellow background. 

FIG. 10 is an exploded, cross-sectional view of the Uquid-crystal display device of 
a fourth embodiment of the present invention. In the fourth embodiment, Lumisty Film, 
manufactured by SUMITOMO CHEMICAL, CO., LTD, as the exit angle control means, was 
arranged between the lighting apparatus 70 and the reflector 90, The rest of the construction 
of the fourth embodiment remains unchanged from that of the first embodiment, and the 
detailed description about it is not repeated here. 

With this arrangement, like the third embodiment, the screen is not darkened and 
remains light, and is easy to view with an increased contrast, even when the screen of the 
device is viewed at a right angle and shadowed by a user. When the light source is lit, the 
device screen is lighter than the one in the third embodiment. 

FIG. 11 is an exploded, cross-sectional view of the display device of a fifth 
embodiment of the present invention. In the fifth embodiment, a fluorescent body 81 was 
arranged on the back surface of the lighting apparatus 70. The rest of the construction of the 
fifth embodiment remains imchanged from that of the first embodiment, and the detailed 
description about it is not repeated here. 
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With this arrangement, the fluorescent plate 81 is exposed to light both under the 
external light and with the Ught source lit, causing the screen to be light. The same effect 
results even if the fluorescent plate 81 is arranged between the Ughting apparatus 70 and the 
reflective polarizer 40. 

FIG. 13 shows the sixth embodiment of electronic apparatuses that incorporate the 
display device of the first embodiment, FIG. 13(a) shows a portable telephone, FIG. 13(b) 
shows a watch, FIG. 13(c) shows a personal computer. The electronic apparatuses of the sixth 
embodiment presented a bright display screen under daylight, shade, indoor and nighttime 
conditions. Any of the display devices of the first embodiment and third to fifth embodiments 
may be incorporated in the electronic apparatus of the sixth embodiment. 

The display device of the present invention finds applications in a diversity of 
apparatuses, besides the above apparatuses, including home electronics, PDAs (Personal 
Digital Assistants), electronic pocketbooks, and calculators. 

Under the external light, the display device of the present invention presents two 
display modes, namely the specular display mode resulting fi-om the Ught ray reflected by the 
second polarizing splitter means and the diffiision display mode resulting fi-om the diffused 
light ray from the light diffusing means, depending on the state of the polarization axis of the 
polarization axis varying means. In the specular display mode, the display screen is dark 
except for a viewing angle equal to the incident angle. In the diffusion display mode, the 
display screen is light in all directions. With the light source lit, the display device of the 
present invention presents the two display modes, namely, the dark display mode in which no 
light is transmitted through the first polarizing splitter means and the diffusion display mode 
resulting fi*om the diffiised light transmitted through the first polarizing splitter means, 
depending on the state of the polarization axis of the polarization axis varying means. The 
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transflective display device thus presents a light positive display during the reflective display 
mode and also presents a positive display during the transmissive display mode. 

Preferably, the reflective means is disposed on the side of the light diffusing means 
opposite to the second polarizing splitter means. With this arrangement, the display screen 
is light both in the reflective display mode and the transmissive display mode. 
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CLAIMS 

What is Claimed is: 

L A display device comprising: 

polarization axis varying means; 

first polarizing splitter means disposed on one side of said polarization axis 
varying means which transmits a light ray component linearly polarized in a first direction 
while reflecting or absorbing a light ray component linearly polarized in a predetermined 
direction different from said first direction; 

second polarizing splitter means disposed on another side of said 
polarization axis varying means which reflects a light ray component linearly polarized in a 
second direction while transmitting a light ray component linearly polarized in a 
predetermined direction different from said second direction; 

lighting means disposed on a side of said second polarizing splitter means 
opposite to said polarization axis varying means; and 

light diffusing means disposed between said second polarizing splitter 
means and said lighting means which diffuses and reflects a light ray coming in from said 
second polarizing splitter means, while transmitting a Ught ray coming from the said lighting 
means toward said second polarizing splitter means. 

2. A display device according to Claim 1, wherein said light diffusing means 
emits a color light ray. 

3, A display device according to Claim 1, wherein said light diffusing means 
emits a light ray. 
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4. A display device according to Claim 1, further comprising light reflective 

means disposed on a side of said lighting means opposite to said light diffusing means for 
reflecting a light ray coming in from said lighting means, wherein said lighting means 
transmits a light ray coming in from said hght diffusing means toward said light reflective 
means, while transmitting a light ray coming in from said light reflective means toward said 
light diffusing means. 



5. A display device according to Claim 4, wherein said light reflective means 
emits a light ray. 

6. A display device according to Claim 4, wherein said light reflective means 
emits a color light ray. 

7. A display device according to Claim 1, further comprising light exit angle 



control means disposed between said second polarizing splitter means and said light diffusing 
means for outputting a light ray at an exit angle within a predetermined range when receiving 
a light ray. 

8. A display device according to Claim 1, further comprising light exit angle 

control means disposed between said lighting means and said light diffusing means for 
outputting a light ray at an exit angle within a predetermined range when receiving a light ray. 
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9. A display device according to Claim 1, further comprising third polarizing 
splitter means disposed between said lighting means and said light diffusing means which 
reflects a light ray component linearly polarized in a third direction, while transmitting a light 
ray component linearly polarized in a predetermined direction different from said third 
direction. 

10. A display device according to Claim 9, wherein said second polarizing 
splitter means and said third polarizing splitter means are disposed such that said second 
direction and said third direction are different from each other. 

1 L A display device comprising: 

a liquid-crystal display panel having a liquid crystal interposed between 

a pair of substrates; 

a polarizer disposed on one side of said liquid-crystal display panel; 
a first reflective polarizer disposed on another side of said liquid-crystal 

display panel; 

a lighting apparatus disposed on a side of said first reflective polarizer 
opposite to polarization axis varying means; and 

a light diffusing plate disposed between said first reflective polarizer and 
said lighting means which diffiises and reflects a light ray coming in from said first reflective 
polarizer, while transmitting a light ray coming in from said lighting apparatus toward said 
first reflective polarizer. 
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12. A display device according to Claim 11, wherein said diffusing plate is 
a fluorescent plate, 

13. A display device according to Claim 11, further comprising a reflector on 
a side of said light diffusing plate opposite to said lighting apparatus, wherein said lighting 
apparatus comprises a light source and a substantially transparent Ught guide. 



14. A display device according to Claim 13, wherein said reflector is a 
hologram. 

15. A display device according to Claim 13, wherein said reflector is a 
fluorescent plate. 

16. A display device according to Claim 11, further comprising a film 



including a pluraUty of layers having different refractive indexes laminated together and 
disposed between said first reflective polarizer and said light diffusing plate. 

17. A display device according to Claim 11, fiulher comprising a film 

including a plurality of layers having different refractive indexes laminated together and 
disposed between said lighting apparatus and said light diffusing plate. 

18- A display device according to Claim 11, further comprising a second 

reflective polarizer disposed between said light diffusing plate and said lighting apparatus. 
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19. A display device according to Claim 18, wherein said first reflective 
polarizer and said second reflective polarizer are arranged such that polarization axis of each 
polarizer is out of alignment with the other. 

20. A display device according to Claim 11, wherein said first reflective 
polarizer is a laminate of a plurality of layers having birefringence and a plurality of layers 
having no birefringence in which one layer having birefringence and one layer having no 
birefringence are alternately laminated. 

21. An electronic apparatus having a display device with a liquid-crystal 
display panel as a display unit, said display device comprising: 

a liquid-crystal display panel having a liq[uid crystal interposed between 
a pair of substrates; 

a polarizer disposed on one side of said liquid-crystal display panel; 
a first reflective polarizer disposed on another side of said liquid-crystal 

display panel; 

a lighting apparatus disposed on a side of said first reflective polarizer 
opposite to polarization axis varying means; and 

a light diffusing plate disposed between said first reflective polarizer and 
said lighting means which diffuses and reflects a light ray coming in from said first reflective 
polarizer while transmitting a light ray coming in from said lightmg apparatus toward said 
first reflective polarizer. 
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DISPLAY DEVICE AND ELECTRONIC 
APPARATUS EMPLOYING THE SAME 

ABSTRACT 

A display device includes a reflective polarizer beneath a liquid-crystal display panel, 
and a light diffusing plate and a lighting apparatus disposed beneath the reflective polarizer. 
In a reflective display mode, the display device presents a specular display resulting from a 
Ught ray reflected by the reflective polarizer and a diffusion display resulting from a diffused 
light. In a transmissive display mode, the display device presents a dark display and a 
diffusion display caused by the light difftising plate. 
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Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 



S 1998^9^ 18a t3^a^n. ^glffi^S^^fci^ 

mmm^^m mmi^mm^^ 09/157,255 t u 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
next to my name. 

1 believe I am the original, first and sole inventor (if only one name 
Is listed belovtf) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed 
and for which a patent is sought on the invention entitled 

DISPLAY DEVICE AND ELECTRONIC APPARATUS EMPLOYING 
THE SAME 

the specification of which is attached hereto unless the following 
box is checked: 

^ was filed on September 18, 1998 

as United States Application Number or 
PCT international Application Number 
09/157,255 and was amended on 
(if applicable). 



mmi^xi>^:it^z:iizmmv^to 



I hereby state that I have reviewed and understand the contents 
of the above identified specification, including the claims, as 
amended by any amendment referred to above. 



^It. M^MWl^^^ 3 im^ 1^56 Wz^B^fl^ t:^^. I acknowledge the duty to disclose information which is material 
mf^^^(D^MlZ-D\\Xm.^tiim^^mn^t^^Bt^^^^t^U to patentability as defined in Title 37, Code of Federal 
^^'to Regulations, Section 1,56. 
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Japanese Language Declaration 

(SEISMS) 



mt. ^mmmm3 smi 1 9^ (a)-(d)^xEi3 e 5^(b) 



Prior Foreign Application(s) 

9- 253972 
(Number) 

mm 

10- 16242 

(Number) 

mm 



I hereby claim foreign priority under Title 35, United States Code. 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for 
patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also 
identified below, by checking the box, any foreign application for 
patent or inventor's certificate, or PCT International application 
having a filing date before that of the application on which priority 
is claimed. 

Priority Not Claimed 



Japan 



18/September/1997 



(Country) 
(H«) 
Japan 



(Day/Month/Year Filed) 

(mi^¥HB) 

28/January/1998 



□ 



□ 



(Country) 



(Day/Month/Year Filed) 



1 hereby claim the benefit under Title 35, United States Code, 
Section 119 (e) of any United States provisional application(s) 
listed below. 



(Application No.) 



(Filing Date) 

(fflUB) 



^( c ) < It^ij ^ d C ±^ b S -r o 

monmf^^mmmm^ 5^1 1 2^^ 1 



m^mnw^timrnxm 
B:^m^^rzimmw,ti 



(Application No.) (Filing Date) 

immm-m Hhms) 

1 hereby claim the benefit under Title 35, United States Code. 
Section 1 20 of any United States application(s), or 365 (c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed In the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35, United States Code, Section 
112, I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37. Code of Federal 
Regulations, Section 1.56 which became available between the 
filing date of the prior application and the national or PCT 
International filing date of application: 



(Application No.) 



(Filing Date) 



(Status: Patented, Pending, Abandoned) 



(Application No.) (Filing Date) 

mt. ^k^^omMi^^-^^^x^^^nm^x^t^ntii a m 

^•e^ D . t^^^Ki^X^ bfcMfgh^cDM b § i: :i 5 tcS"^ < 
i^±xm^X^^tM\:^X\^^^Zt. ^ ^lzmMl::ti:^fitzA 

mmRv'^t^^tnmonmt^mmmm i sis^ i o o i mzm-:^ 

vx^(DXdfmmizx^mm(opm^ntiint. a^^mvtz. xfi 
mz^nj^titz^^(D^m&t^^t>fi^ z. t^mmu x^xc.z 



(Status: Patented, Pending, Abandoned) 

1 hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
Imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 



Prior Foreign Application(s) 

10-206784 
(Number) 

mm 



(Number) 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign appiication(s) for 
patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also 
identified below, by checking the box, any foreign application for 
patent or inventor's certificate, or PCT International application 
having a filing date before that of the application on which priority 
is claimed. 

Priority Not Claimed 



Japan 



22/JuIy/1998 



(Country) 



(Day/Month/Year Filed) 

(ai^^^B) 



□ 



□ 



(Country) 



(Day/Month/Year Filed) 



I hereby claim the benefit under Title 35, United States Code, 
Section 119 (e) of any United States provisional application(s) 
listed below. 



(Application No.) (Filing Date) 

(ffiM#^) iamB) 
^^tirc:^mx^nt^^m^ntHmizm7ri^nx^^f<i:^m^. ^ 



(Application No.) (Filing Date) 

(ffiii##) mmB) 

1 hereby claim the benefit under Title 35, United States Code, 
Section 1 20 of any United States application(s), or 365 (c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35. United States Code, Section 
1 1 2, I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56 which became available between the 
filing date of the prior application and the national or PCT 
International filing date of application: 



(AppHcatten No.) 



(Filing Date) 



(Status: Patented, Pending, Abandoned) 



(Application No,) (Filing Date) 

mt. ^^^(ommizm-3^^x^^mm^x^t^nti:dmmt^M 

hx^o^^tj:WLM\z^:^mm<o^m^'iftiiK.it. mmLTz. 
mzm'^^tirzmf^<D:nm&i^^t)n^ z. t ^mm. x-:>x;lz. 



(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1 001 of Title 1 8 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 




G. Gregory Schivley. (Reg. 27.382) 
Bryant Wade, (Reg, 40,344) 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the 
following attorney(s) and/or agent(s) to prosecute this application 
and transact all business in the Patent and Trademark Office 
connected therewith. 0/st name and registration number) 

G. Gregory Schivley, (Reg. 27,382) 

Bryant Wade. (Reg. 40,344) 



Harness, Dickey & Pierce, P.LC. 
P.O. Box 828 

Bllomfield Hiils, Michigan 48303 



Send Correspondence to: 

Harness, Dickey & Pierce, P.LC. 
P.O. Box 828 

Bllomfield Hills, Michigan 48303 



Harness, Dickey & Pierce, P.L.C. 
(248) 641-1600 


Direct Telephone Calls to: (name and telephone number) 
Harness, Dickey & Pierce. P.LC. 
(248) 641-1600 


m & ^ ft 


Full name of sole or first inventor 
Chiyoaki IIJIMA 




Inventor's signature Date ^ 

\ XIB ChH. Ar I . Chl^*' 




Residence 

T - S/v./ , jluc,c.no-l'^y^- , Japan 




Citizenship 
Japan 


392-8502 B:$;llfiiTB:ISIfim:^l03Tg3S5^ 


Post Office Address 

c/o Seiko Epson Corporation 

3-5, Owa 3-chome, Suwa-shi, Nagano-ken 392-8502 Japan 






Full name of second joint inventor, if any 




Second inventor's signature Date 



ffi^ Residence 

, , , Japan 



Citizenship 



^#fg Post Office Address 



(^He;^fflftKlgW#lCOV^T<bll»t|B«U, S^^I-SCi:) (^"PPly slmilarinformation and signature for third and subsequent 

joint inventors.) 
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